We report vertical thermal structure and wind velocities in the Venusian mesosphere retrieved from carbon monoxide ( 12 CO J = 2-1 and 13 CO J = 2-1) spec- These data were part of a coordinated ground-based Venus observational campaign in support of the ESA Venus Express mission. Furthermore, this study attempts to cross-calibrate space and ground-based observations, to constrain radiative transfer and retrieval algorithms for planetary atmospheres, and to contribute to a more thorough understanding of the global patterns of circulation of the Venusian atmosphere.
atmosphere. It is in general a non-linear function of the vector x of unknowns.
163
The weighting functions K x are now defined as K x =∂F (x)/∂x. They describe 164 the sensitivity of the measurement, which means the observed CO spectrum, 165 with respect to each single parameter to be retrieved. Using K x allows to 166 linearize the forward model around a reference statex:
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For the calculation of K x here we used as reference state the a priori pro- 
182
Introducing the inverse model I, which relates the retrieved atmospheric state 183x to y,x =I(y), and combining it with the forward model y = F (x), allows
184
to define a transfer function T :
186
The averaging kernels A are now defined as A = ∂T (x)/∂x and describe the depends on a change of the true temperature at all other altitudes.
191
Normalized temperature and CO-weighting functions for 12 CO J = 2-1 (with 
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In Figs. 6-11 we present the measured and fitted spectra, and retrieved tem-204 perature profiles and CO distribution for the observations in Table 1 spectra, and averaging kernels for temperature, CO, and winds, respectively.
209
Note that the differences between the measured and fitted spectra are so small 210 that the they are hardly distinguished when they are plotted simultaneously.
211
For clarity we show only each second averaging kernel curve. Wind retrieval 212 will be addressed in the next section. Error bars represent the total error in 213 the retrieval which comprises the contributions of measurement errors, model 214 errors, and null-space errors due to the inherent finite vertical resolution, as 215 described in Rodgers (1990) . These error terms appear as covariance matrices
216
(interpreted in terms of error patters) and are equivalent to error bars. The 217 contribution of a priori to the retrieval is described in terms of the eigenvectors 218 of the averaging kernel matrix. For the error bar calculations we followed the 219 recipe given in Rodgers (1990) . A discussion of the correlated errors can be 220 found in Sect. 3.3.
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The 15 2007), Pioneer Venus (PV) descent probes (Seiff et al., 1980) , to the OIR 224 sounding measurements (Schofield and Taylor, 1983) , and to the PV night 225 probe (Seiff and Kirk, 1982) (Fig. 12 ). We detected a temperature excess at 226 90-to 100 km altitude which coincides with the extensive layer of warm air at 227 altitudes 90-120 km detected by SPICAV (Bertaux et al., 2007 null-space, and the effect of a priori data can be also based in the procedure 351 described in Rodgers 1990, but this is beyond the scope of this paper. Chassefière, E., Chaufray, J. Y., Dimarellis, E., Dubois, J. P., Hauchecorne,
407
A., Leblanc, F., Lefèvre, F., Rannou, P., Quémerais, E., Villard, E., Fussen,
408
D., Muller, C., Neefs, E., van Ransbeeck, E., Wilquet, V., Rodin, A., the centre of the Venus disc. Limb area is not to scale with respect to the disc.
409

486
Shade area represents the disc corresponding to the solid body. retrieved temperature, CO distribution and wind derived from the spectrum.
500
The dash lines show the initial profiles, and the horizontal lines the error bars. 
